A screening of natural products using a luciferase assay targeting the Wnt signaling pathway was carried out, and the bioassay-guided fractionation of Excoecaria indica (Euphorbiaceae) collected from Bangladesh afforded three phorbol esters (1 -3) . These compounds exhibited Wnt signal-augmenting effects with 1 causing a 25-fold increase in TCF/β-catenin (TOP) transcriptional activity at 95 nM.
The Wnt signaling pathway regulates many significant biological processes involved in embryogenesis, development, cell polarization, differentiation, cell fate determination, proliferation, and self-renewal of stem and progenitor cells as well as important functions in adult cells [1] . Aberrant hyperactive or hypoactive signaling of the Wnt pathway is linked to a range of diseases, most notably cancer [2] . Altering Wnt signaling activity therefore may be therapeutic in various clinical contexts and useful in the development of stem-cell-based therapies. Wnt signaling inhibitors may be suitable for the treatment of not only cancer [3] , but also cardiovascular diseases, schizophrenia, osteoarthritis, tuberous sclerosis, and polycystic kidney disease, while Wnt signaling activators may be useful for degenerative diseases such as tetraamelia, osteoporosis, familial exudative vitreoretinopathy, tooth agenesis, and Alzheimer disease, as well as the regeneration of tissues and organs [2] . In recent reports, several Wnt signaling inhibitors have been identified such as ICG001 [4] , XAV939 [5] , and IWR1 [6] by binding assays for β-catenin and coactivator proteins or cell-based assays for β-catenin/TCF-mediated transcriptional activity [7] . Further studies of small molecules that not only inhibit but also augment Wnt signaling will be of great importance given the broad potential applications [8] .
During our search for bioactive natural products in various unexplored sources [9] , we conducted a screening study targeting Wnt signaling activity using a cell-based luciferase assay system, and isolated a series of naphthoquinone derivatives from plant materials from Thailand [10] and Bangladesh [11] . We recently examined the active constituents of an Euphorbiaceous plant, Excoecaria indica, leading to the isolation of three phorbol esters (1 -3). Here we describe the isolation and identification of these compounds.
For the screening of Wnt signaling activity, we used a cell-based luciferase assay system to evaluate TCF/β-catenin transcriptional activity (TOP activity) with the cell line STF/293 (a 293 human embryonic kidney cell line stably transfected with SuperTOP-Flash) [10] , and found that an extract of Excoecaria indica, collected in Bangladesh [12] , increased the level of activity 9.5 fold at 25 μg/mL. Thus, the active constituents of this plant were investigated further.
A MeOH extact of dried leaves of E. indica was partitioned successively with hexane, EtOAc, n-BuOH, and water, and the hexane-soluble fraction was found to be active (29 times activation at 50 μg/mL with high (>80%) cell viability). Activity-guided fractionation of the hexane-soluble fraction was followed by chromatography on silica gel, Diaion HP20, and ODS columns, and then purification with reversed-phase HPLC to afford α-sapinine (1), sapintoxin C (2), and 12-(2-N-methylaminobezoyl)-4α,20dideoxy-5-hydroxyphorbol-13-acetate (3).
Each of these compounds was identified on the basis of the 1 H and 13 C NMR data as well as optical rotation data, which matched data in the literature [13] . Compounds 1 -3 were isolated previously from Sapium indicum, but their effect on Wnt signaling was not known [13] .
We examined the inhibitory activity of 1 -3 using the luciferase reporter gene assay. Wnt signaling activates gene transcription by forming a complex between DNA-binding proteins of the TCF/LEF family and β-catenin. SuperTOP-Flash, a β-catenin-responsive reporter plasmid with multiple TCF-binding sites (CCTTTGATC), was activated in cells. SuperFOP-Flash has eight mutated TCFbinding sites (CCTTTGGCC). Selective-TOP activating compounds would not have any effect on transcription in SuperFOP-Flashtransfected cells.
The results regarding TCF/β-catenin (TOP) transcriptional activity compared with the control are shown in Figure 1 2 was described to have antimycobacterial activity against Mycobacterium tuberculosis H37Ra, while 1 and 3 were inactive [13] . Here we first describe the effect of these phorbol esters (1 -3) on the Wnt signaling pathway, although it has been known that TPA (12-O-tetradecanoylphorbol-13-acetate), a potent activator of protein kinase C, acts in conjunction with lithium to induce the accumulation of β-catenin [14, 15] .
Experimental
Plant materials: Plant materials of Excoecaria indica (Euphorbiaceae) were collected from the Khulna district, Bangladesh. Voucher specimens (KKB015) were deposited in our laboratory.
Luciferase assay: For stable reporter cells, STF/293 cells (3 x 10 4 )
were split into 96-well plates and 24 h later treated with compounds combined with 15 mM LiCl. After incubation for 24 h, cells were lysed with CCLR (cell culture lysis reagent; 20 μL/well, Promega) and luciferase activity was measured with a Luciferase Assay System (Promega). Assays were performed in triplicate at least. Transient transfection was performed using Lipofectamine 2000 (Invitrogen, USA). Briefly, 1 × 10 5 cells (293T) were split into 24-well plates. After 24 h, cells were transfected with 1 μg of the luciferase reporter construct (SuperFOP-Flash) and 0.05 μg of pRL-CMV (Promega, USA) for normalization. At 3 h posttransfection, compounds were added with a medium containing FBS. Of note, 293T cells were treated with compounds in a FBS-containing medium combined with 15 mM of LiCl. Cells incubated for 24 h were lysed in Passive lysis buffer (Promega, 50 μl/well) and luciferase activity was measured with a Dual-Glo Luciferase Assay System (Promega). The assay sample was stored as a 10 mM solution in DMSO, then diluted to indicated concentrations with medium, and the final concentration of DMSO was less than 0.1 % (v/v). The data are shown as mean ± SE. Luciferase activity was compared with that of the control (con, Figures 1 and 2) when no compound was added. Quercetin (que, 27.7 μM) was used as a positive control that has inhibitory effect on TOP activity. [16] ): 293T cells (6 x 10 3 ) were split into 96-well plates and incubated for 24 h. Cells were treated with compounds and incubated for 24 h. They were treated with fluorescein diacetate (Wako) in PBS buffer (10 μg/mL), and after 1 h of incubation, fluorescence was detected. Assays were performed in triplicate at least.
Assay of cell viability (FMCA assay

Isolation of compounds:
The MeOH extract (102 g) of dry leaves of E. indica was partitioned successively with hexane, EtOAc, and n-BuOH to give four layers (hexane layer 33.5 g, EtOAc layer 33.1 g, n-BuOH layer 14.7 g, and water layer 13.6 g); TCF/β-catenin transcriptional (TOP) activity in these four layers at 50 μg/mL was 29, 15, ca. 1, and ca.1 times, respectively, the control level. The hexane layer (33 g) was separated by silica gel 60N column chromatography (φ 80 x 300 mm) eluted with CHCl 3 /MeOH (1:0 to 8:2) to give fractions 1A-1G, and fraction 1F (15.4 g, eluted with 
